REPORT  DOCUMENTATION  PAGE 

Form  Approved 

0MB  NO.  0704-0188 

Public  Reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comment  regarding  this  burden  estimates  or  any  other  aspect  of  this  collection 
of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  information  Operations  and  Reports,  1215  Jefferson  Davis  Highway, 
Suite  1204  Arlineton  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188.)  Washington,  DC  20503. 

1 .  AGENCY  USE  ONLY  (  Leave  Blank)  2.  REPORT  DATE 

3.  REPORT  TYPE  AND  DATES  COVERED 

FINAL  01  Sep  99  -  31  Aug  00 

4.  TITLE  AND  SUBTITLE 

Novel  Electroceramic  Materials  and  Integrated  Devices 

5.  FUNDING  NUMBERS 

DAAD1 9-99-1 -0362 

6.  AUTHOR(S) 

Ram  S.  Katiyar 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Puerto  Rico  -  San  Juan 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.  S.  Army  Research  Office 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

ARO  39690. 12-PH-SAH 

11.  SUPPLEMENTARY  NOTES 

The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision,  unless  so  designated  by  other  documentation. 


12  a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

12  b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  unlimited. 

13.  ABSTRACT  (Maximum  200  words) 


A  number  of  Perovskites  have  been  grown  and  their  properities  analyzed  under  the  general  field  of  "Novel  Electroceramic  Materials 
and  Integrated  Devices".  Besides  their  structural  properties,  their  electrical  and  optical  properties  were  investigated.  These 
investigations  were  published  in  ten  papers  that  have  appeared  in  scientific  journals. 


20010723  060 


14.  SUBJECT  TERMS 

15.  NUMBER  OF  page's 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 
OR  REPORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 
ON  THIS  PAGE 

UNCLASSIFIED 

19.  SECURITY  CLASSIHCATION 

OF  ABSTRACT 

UNCLASSIFIED 

20.  LIMITATION  OF  ABSTRACT 

UL 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev. 2-89) 
Prescribed  by  ANSI  Std.  239-18 
298-102 


Technical  Report  (Final) 

Grant:  DAAD  19-99-1-0^62  ARO  Proposal  Number:  P-3969Q-PH-SAH 
Parformance  Period:  September  1, 1999  -  August  31, 2000 
PI:  Dr.  Ram  S.  Katiyar 

SUMMARY  ^ 


Lead  Based  Perovsidtes: 

Lead  based  PLT,  PLT:Ce,  PLT:Gd,  PZT,  and  PZT:Nd  materials  were  synthesized  using  sol-gel 
and  rf  sputtering  techniques  arid  the  effect  of  film  thickness,  dopants  and  precursor  solvents  was  studied 
in  them. 

Thickness  Effect  in  PZT:  With  Zr  substitution  on  the  B  sites  of  PT  lattice  the  soft  mode  intensity 
approached  zero  near  the  morphotropical  phase  boundary.  In  PZT  (53/47)  thin  films  of  different  thicknesses 
(100, 200, 369, 492,  and  755  run)  on  Pt,  the  soft  mode  was  observed  at  about  68  cm"'  in  the  100  nm  thick 
film.  This  frequency  decreased  to  57  cm"'  with  increasing  thickness  up  to  755  nm.  But,  no  soft  mode  was 
detected  in  the  Raman  spectrum  of  powders  prepared  from  the  same  solution,  which  is  supposed  to  be  stress 
free.  The  presence  of  soft  mode  in  films  was  therefore,  attributed  to  the  presence  of  strain  in  films.  The  two 
dimensional  stress  in  these  films  causes  the  soft  mode  to  appear.  These  stresses  were  found  considerably 
reduced  in  powders  and  fibers  prepared  under  the  similar  conditions.  A  comparative  study  of  PT/PLT  films 
and  fibers,  prepared  by  sol-gel  technique,  suggested  less  stresses  in  the  fibers.  The  variation  of  stress  was 
correlated  to  the  micro  structural  features  in  these  structures. 

La  Modified  PT  fPLT>:  The  phase  transition  temperature  and  relaxor  behavior  was  studied  in  Pb,. 
,La,Ti  thin  films  using  temperature  dependent  Raman  scattering.  The  x-ray  diffraction  measurements 
indicated  a  cubic  structure  for  x>0. 1 5,  while  the  Raman  modes  were  observed  up  to  x=0.25.  From  thermal 
studies  it  was  found  that  the  organic  removal  and  crystallization  starts  at  about  3 1 5  and  500C,  respectively. 
AFM  estimated  surface  roughness  was  foimd  to  be  decreasing  with  the  La  doping.  Raman  scattering,  in  the 
temperature  range  75-783K,  suggested  the  transition  temperature  about  730, 680, 614,  and  563  Kforx=0.05,- 
0.10,  0.15,  and  0.20  compositions,  respectively.  The  diffuse  nature  of  the  FE  phase  transition  owing  to  a 
short-range  structural  disorder  in  the  paraelectric  cubic  phase  and  an  increase  in  the  diffuseness  with  La 
doping  indicated  the  relaxor  behavior  and  its  relationship  with  the  local  disorder  in  these  materials. 

The  substrate  and  precursor  effects  in  sol-gel  derived  Pbo  ^La^,  ijTiOj  thin  films  were  studied  at  various 
annealing  temperatures  in  the  range  of  350  -  650  ®C.  X-ray  results  indicated  that  films  prepared  by  acetic 
acid  route  had  texturing  along  (100)  orientation  that  increased  with  increasing  annealing  temperature.  These 
films  also  exhibited  better  FE  properties  on  Pt  compared  to  Pt/Si  substrates. 

Rare  Earth  (Ce  and  Gdl  Doped  PLT:  Isovalent  substitution  of  rare  earths  (Ce"^^  and  Gd*^)  on  the  La*’ 
sites  of  the  sol-gel  prepared  Pbo.85Lao.i5Ti03  films  was  investigated.  With  increasing  contents  of  Gd,  a 
decrease  in  lattice  parameters,  and  increase  in  the  tetragonality  ratio  (c/a)  was  observed.  Relatively  less 
FE  ordering  was  obtained  in  Ce  doped  thin  films.  Raman  spectra  exhibited  features  characteristics  of  bulk 
PbTi03,  including  the  observation  of  the  soft  mode.  Variation  of  the  soft  phonon  mode  in  these  films  was 
investigated  as  a  function  of  the  composition  x,  (in  the  range  0.00  to  0. 1 5)  and  temperature  (in  the  range  (25- 
600“C).  Unlike  the  rare  earth  doping  in  PT,  the  isovalent  substitution  in  PLT  was  found  to  increase  the 


transition  temperature  with  increasing  Gd  and  Ce  contents.  In  Ce  doped  films  the  was  found  to  be  lower 
for  X  =0.07  film  compared  to  x  =0.05.  The  precipitation  of  Ce  in  7  at%  Ce  doped  films  suggests  lower 
solubility  limit  of  Ce  (about  5at%)  compared  to  that  of  Gd.  A  discontinuity  in  the  polari2ation  and  dielectric 
values  was  also  observed  at  x  =0.05  composition  of  Ce  doped  films. 

Rare  Earth  fNd.  Gd.  and  Cel  Doped  PZT('53/47):  We  have  studied  the  effect  of  rare  earth  dopants  on 
the  phase  formation  behavior  and  electrical  properties  of  sol-gel  derived  PZT  (%3/47)  thin  films.  In  all  these 
films  the  perovskite  phase  was  obtained  up  to  5  at%  doping  and  beyond  that  p3Tochlore  phase  was  formed 
to  coexist  with  the  perovskite  phase.  Ce  and  Gd  dopings  (1-2  at%)  exhibited  improved  FE  and  dielectric 
properties  as  compared  to  the  undoped  PZT  films.  Nd  doping  (2  at%)  was  found  to  be  effective  to  increase 
the  retained  switchable  polarization  of  undoped  PZT  from  63  to  84  %.  The  transition  temperature  of 
undoped  PZT  was  found  to  be  reduced  with  Nd  doping.  The  Nd  doped  films  also  exhibited  typical  relaxor 
behavior  with  a  diffuse  phase  transition.  This  may  be  due  to  disorder  in  the  B-site  of  the  perovskite  lattice 
caused  by  the  Nd  doping. 

Layered  Perovsldtes: 

Layered  structures  of  Ba^Sri.^TiOj,  Bi4Ti30i2,  Bi4.^La,Ti30i2,  Sr,.JBaJBi2Ta209,  Sri.JBa^ijTaNbO}, 
SrBi2Ta2.xNbP9,  (l-xSrBijTajO,  -  xBi3TiTaO,},  {l-xSrBi2Nb209  -  xBijTiNbO,}  for  x  =  0  to  1,  were 
synthesized.  All  materials  were  prepared  in  the  powders  and  thin  film  forms  by  spin  coating.  Thin  films 
of  FE  (SrBi2Ta209)5((Bi3TiNb09),.x  layered  structure  were  prepared  for  x  =  0.0, 0.2, 0.4,  0.6,  0.8,  and  1 .0, 
by  metal  organic  solution  deposition  method  on  Pt/TiOj/SiOj/Si  substrates.  The  Raman  spectrum  for  the  film 
with  X  =  0  shows  bands  around  60, 1 70, 232, 256, 337, 569,  and  839  cm'‘,  which  indicate  Bi3TiNb09  (BTN) 
formation.  The  prominent  band  around  839  cm"',  which  is  an  A,g  mode  of  the  orthorombic  symmetry, 
corresponds  to  symmetric  stretching  of  the  BO^  octahedra.  The  fi-equency  of  this  band  is  found  to  shift 
significantly  as  SrBi2Ta209  (SBT)  material  is  added  to  the  BTN  compound.  The  Raman  spectra  show 
frequency  shifts  and  a  broadening  of  the  bands  as  x  change  from  0  to  0.4,  which  is  related  to  the  differences 
in  mass  between  Sr  and  Bi  in  the  A-sites,  and  Ta,  Ti,  and  Nb  in  the  B-sites.  A  comparison  between  film  and 
bulk  indicates  that  the  crystallization  degree  in  the  film  is  lower  than  that  in  the  bulk,  which  can  be  due  to 
the  presence  of  stress  in  the  films.  The  temperature-dependent  study  of  the  films  indicates  a  strong 
contribution  from  defects  in  the  Raman  spectra. 

Thin  films  of  SrBijfTa^i.JO,  with  x  =  0.8  and  x  =  2.0  were  also  grown  on  Si(lOO),  MgO(100), 
PtTTiOj/SiOj/Si  substrates  using  PLD  technique.  The  influence  of  growth  conditions  such  as  substrate 
temperature,  ojQ'gen  partial  pressure,  etc.  on  the  structural  properties  of  die  films  were  analyzed.  In  the  films 
prepared  at  substrate  temperatures  between  25  ®C  to  750  ®C,  it  was  observed  that  only  the  films  deposited 
above  600“C  substrate  temperature  crystallize  into  the  desired  phase.  There  is  no  significant  influence  on 
oxygen  partial  pressure  (100-450  mTorr)  on  the  ciystallization  behavior  of  these  films  deposited  at  various 
substrate  temperature.  X-ray  photoelectron  spectroscopy  studies  of  Sr  3  d  level  for  the  films  with  composition 
SrBi2Tao.8Nb,.209  suggest  the  oxygen  ions  in  the  Sr(TaNb)207  perovskite  layers  to  be  much  more  stable  than 
those  in  Bi262  layers.  Micro-Raman  study  of  SrBi2Ta209  films  deposited  on  Pt/Ti02/Si02/Si  show  the 
presence  of  FE  phase.  The  SrBi2Ta  209  films  deposited  at  700®C  with  100  mTorr  oxygen  pressure  and  1.3 
J/cm^  laser  fluence  resulted  in  8.9  spontaneous  polarization,  4.42  f^CIcm^  remnant  polarization  and 

39.4  KV/cm  coercive  field  values. 
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